Objective. This study evaluated the effects of surface preparation and the application 4 time of adhesives on the resin-dentine bond strengths with universal adhesives.
Introduction

30
All-in-one self-etching adhesives have become popular in dentistry because of 31 their advantages such as less technique sensitivity and user-friendliness [1] . However, 32 there are still concerns about the effectiveness of 1-step adhesives when bonding to 33 uncut enamel [2, 3] , to different smear layer preparation [4, 5] and their long-term 34 durability [1] . 35 Recently, universal adhesives have been introduced to the market. They are 36 principle 1-step self-etching adhesives that can be applied in either self-etching mode 37 or etch-and-rinse mode [6] [7] [8] . Similar to the mildly acidic self-etching adhesives, there 38 are concerns regarding the effect of smear layer on their bonding performance [5, 9, 39 10]. Most of the studies that have evaluated the effect of smear layer preparation on 40 the bond strength of adhesives used only different SiC-paper grits, which can be 41 regarded as not clinically relevant [9] [10] [11] [12] [13] [14] [15] [16] . Furthermore, the study from Oliveira et al [9] 42 reported that the loosely organized smear layer produced by SiC papers was easier for 43 self-etching primer to penetrate when compared to those of diamond burs. 44 To overcome the infiltration-impairing effect of smear layer, prolonged carry negative consequences to adhesive infiltration and solvent evaporation. Since 52 one product has adopted such optional reduced application time, it becomes 53 interesting to test if such approach can also be applied to other adhesives; and whether 54 the type of smear layer plays a role on the adhesive effectiveness at different 55 application times. 56 Therefore, the aim of this study was to evaluate the effects of adhesive 57 application time and dentine surface preparation on resin-dentine microtensile bond 58 strength (µTBS) of three universal adhesives. The null hypotheses tested were that 1) 59 there is no effect of application time and, 2) there is no effect of surface preparation 60 on the bond strength. Seventy-two extracted non-carious human third molars were used in this study. 65 They were stored in an aqueous solution of 0.5% Chloramine-T at 4ºC and used 66 within 6 months after extraction. The teeth were collected under a protocol reviewed 67 and approved by the university ethical committee (#2013-7). The teeth were abraded 68 to expose mid-coronal dentine with a gypsum model trimmer under water coolant. A 69 light microscope was used to confirm that no enamel remained on the dentine surface. The teeth were randomly assigned into 12 experimental conditions (n=5 to µTBS; n=1 to interfacial structure observation) according to: dentine surface preparation 74 (SiC-prepared dentine vs. bur-cut dentine) and adhesive application time 75 (manufacturer's instruction vs. shortened). Bond strengths were always significantly higher when the adhesives were bonded to 134 600-grit SiC paper-prepared surfaces than when bonded to bur-cut dentine, regardless 135 of the application time ( Table 2 ). The influence of application time was only observed 136 for CU and GP and was dependent on the surface preparation. CU presented 137 significantly lower bond strengths when bonded using a shortened application time on 138 SiC paper prepared dentine; and GP resulted in significantly lower bond strengths when used with the short application mode on the bur-cut dentine ( SiC prepared dentine (Fig 1) . The SEM examination of the fracture modes revealed observation for all groups was the fact that the hybrid layer was not distinct from the 158 SEM images (Fig. 3-5 ). Resin tags detected were short, sparsely distributed and only 159 more distinct on surfaces prepared with SiC paper and preferably when the adhesive 160 was applied according to the manufacturer's directions (Fig. 3b, 4b, 5b ). Resin tags were either absent or appeared as very short projections and scarcely distributed along 162 the observed area when the adhesives were bonded to bur-cut dentine, regardless of 163 the application time (Fig. 3c,d, 4c,d, 5c,d ). Round voids were sometimes encountered 164 within the adhesive layer of GP applied to bur-cut dentine and under the shortened 165 time (Fig. 4c) . In some areas, GP adhesive layer appeared to have two distinct layers 166 (visible by different contrast in the images) separated by a jagged line with some 167 round shape features (Fig. 4a) . Fig 2f) . Furthermore, resin tags were better formed 230 compared to shortened application time (Fig 5a-d) adhesive and the resin revealed a large concentration of submicron-size pores (Fig. 2) .
These features were highly evident in the groups that were applied with a shortened 250 time (Fig. 2a,c, 
